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SUMMARY 
A s t u d y  h a s  b e e n  made o f  t h e  r e l a t i o n  b e t w e e n  t h e  SNR o b t a i n e d  i n  
h e t e r o d y n e  d e t e c t i o n  o f  r a d i a t i o n  s c a t t e r e d  f r o m  a c o u s t i c  modes i n  c r y s t a l -  
l i n e   s o l i d s   a n d   t h e   s c a t t e r e d   s p e c t r a l   d e n s i t y   f u n c t i o n .  It i s  shown t h a t  
i n  a d d i t i o n  t o  t h e  i n f o r m a t i o n  p r o v i d e d  b y  t h e  m e a s u r e d  f r e q u e n c y  s h i f t s  a n d  
l i ne  wid ths ,  measu remen t  o f  t he  SNR p r o v i d e s  a d e t e r m i n a t i o n  o f  t h e  a b s o l u t e  
e l a s t o - o p t i c a l   ( P o c k e l ' s )   c o n s t a n t s .   E x a m p l e s  are g i v e n   f o r   c u b i c   c r y s t a l s ,  
and  accep tab le  SNR v a l u e s  are  o b t a i n e d  f o r  s c a t t e r i n g  f r o m  t h e r m a l l y  
exc i ted  phonons  a t  10 .6  m i c r o n s ,  w i t h  n o  e x t e r n a l  p e r t u r b a t i o n  o f  t h e  s a m p l e  
n e c e s s a r y .  The r e s u l t s   i n d i c a t e   t h e   s p e c i a l   a d v a n t a g e s   o f   t h e   m e t h o d   f o r  
t h e  s t u d y  o f  s e m i c o n d u c t o r s .  
ANALYSIS AND DISCUSSION 
The r a t i o  of  mean s q u a r e  s i g n a l  c u r r e n t  t o  mean s q u a r e  n o i s e  c u r r e n t  
o b t a i n e d  a t  the  f r equency  f when laser  r a d i a t i o n  o f  f r e q u e n c y  Vo is mixed  on 
t h e  s u r f a c e  of a p h o t o c o n d u c t o r  w i t h  a spec t rum G(v)  can  be  expressed  
( r e f .  1) i n   t h e   f o r m  
" - nG(Voff) 
N 
G i s  e x p r e s s e d  i n  n u m b e r s  o f  p h o t o n s  p e r  s e c o n d  p e r  f r e q u e n c y  i n t e r v a l  i n t o  
a coherence area and Q is  t h e   p h o t o c o n d u c t o r   q u a n t u m   e f f i c i e n c y .   I f  11 
r e p r e s e n t s  t h e  number  o f  e l ec t rons  p roduced  pe r  s econd  by  l i gh t  w i th  
f r e q u e n c i e s  i n  a bandwidth AV a n d  s o l i d  a n g u l a r  s p r e a d  R f a l l i n g  on area A ,  
t h e n  
I1 is t h e  t o t a l  e n e r g y  i n c i d e n t  p e r  s econd ,  P ,  d i v i d e d  by t h e  e n e r g y  p e r  
p h o t o n ,  m u l t i p l i e d  by the  number  o f  e l ec t rons  p roduced  by one  photon ,  i . e . ,  
I f  t h e  s o u r c e  o f  P i s  t h e  s c a t t e r i n g  of laser r a d i a t i o n  f r o m  a c o u s t i c  
waves o r  phonons   p ropagat ing   th rough a c r y s t a l l i n e  s a m p l e ,  t h e n  e q u a t i o n  (1) 
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c a n  b e  w r i t t e n  i n  t h e  c o n v e n i e n t  f o r m  
S S I 0  21 Y P P  - = qP0 N A R hv  Av 
where Po r e p r e s e n t s  t h e  t o t a l  power i n c i d e n t  o n  t h e  s a m p l e ,  Ps t h e  t o t a l  
s ca t t e r ed   power ,   and  Av t h e   w i d t h   o f   t h e   s c a t t e r e d   l i n e .  The s c a t t e r i n g  o f  
r a d i a t i o n  b y  p r o p a g a t i n g  t h e r m a l l y  e x c i t e d  p h o n o n s  i n  c r y s t a l l i n e  s o l i d s  h a s  
been  analyzed by Born  and Huang ( r e f .  2 ) ,  s p e c i a l i z e d  f o r  b i r e f r i n g e n t  
c r y s t a l s  by Gammon and Cummins ( r e f .  3 ) ,  a n d  f o r  c u b i c  c r y s t a l s  by Benedek 
a n d   F r i t s c h   ( r e f .  4 ) .  For small a n g l e s   t h e  power s c a t t e r e d + i n t o   s o l i d   a n g l e  
R a t  t h e  p o i n t  R by t h e  a c o u s t i c  f l u c t u a t i o n  o f  w a v e v e c t o r  K i s  r e l a t e d  t o  
t h e  a u t o c o r r e l a t i o n  f u n c t i o n  o f  t h e  s c a t t e r e d  f i e l d ,  
Ps(K,R) = - d E ( 2 , t )  13 R2R, -+ C 
8.rr 
w h e r e   ( r e f .  4 ,  e q u a t i o n  4 6 )  
Here 1-I denotes  a p a r t i c u l a r  a c o u s t i c  mode (1-1 = 1, 2 ,  3 f o r  c u b i c  c r y s t a l s ) ,  
w t he   f r equency   o f  mode LI, V t h e   s c a t t e r i n g   v o l u m e ,   t h e   d i e l e c t r i c  
c o n s t a n t ,   a n d  p t h e  d e n s i t y  o f  t he   s ample .  511 is  i n  e f f e c t  a weight ing  
f a c t o r  w h i c h  d e t e r m i n e s  t h e  r e l a t i v e  i n t e n s i t y  o f  t h e  r a d i a t i o n  s c a t t e r e d  by 
mode 1-1, and is i t s e l f  d e t e r m i n e d  b y  t h e  a b s o l u t e  e l a s t o - o p t i c a l  c o n s t a n t s .  
I f  t h e  i l l u m i n a t e d  v o l u m e  of t h e  c r y s t a l  i s  w r i t t e n  as V = L A i ,  where A i  is  
t h e  c r o s s - s e c t i o n a l  area o f  t h e  i n c i d e n t  beam and L t h e  s c a t t e r i n g  l e n g t h ,  
t h e n  f o r  mode 1-( 
1-I 
where 
- C 
- 8.rr E ~ ~ A ~  . 
The f i n a l  e x p r e s s i o n  f o r  t h e  SNR c a n  t h e n  b e  w r i t t e n  
For a g i v e n  e x p e r i m e n t a l  c o n f i g u r a t i o n  a l l  q u a n t i t i e s  i n  t h i s  e x p r e s s i o n  are 
known except  AV tu, and v Av is  d i r e c t l y   o b s e r v a b l e ,   w h i l e  vu i s  d e t e r -  
mined by t h e  m e a s u r e d  f r e q u e n c y  s t i f t  of t h e  s c a t t e r e d  r a d i a t i o n  f o r  a g iven  
s c a t t e r i n g   a n g l e   ( r e f .  5 ) .  Thus a measure   o f   the  SNR a l l o w s   t o   b e   f o u n d ,  
which i n  t u r n  l e a d s  t o  v a l u e s  o f  t h e  a b s o l u t e  e l a s t o - o p t i c a l  c o n s t a n t s .  F o r  
1.I' 1-I' 
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e x a m p l e ,  i n v e r t i n g  the r e l a t i o n  b e t w e e n .  t h e  e l a s t o - o p t i c a l  c o n s t a n t s  a n d  the 
given  by  Benedek and F r i t s c h  ( r e f .  4 ) ,  a n d  u s i n g  n u m e r i c a l  v a l u e s  f o r  
s c a t t e r i n g  a t  3' f r o m  a c o u s t i c  waves p r o p a g a t i n g  i n  t h e  C l l O J  p l a n e  o f  
p o t a s s i u m   c h l o r i d e   ( t h e  e las t ic  c o n s t a n t s  are n e e d e d , . i n   t h e   c a l c u l a t i o n ) , ,  1 
r e s u l t s  i n  t h e  r e l a t i o n s  f o r  t h e  e l a s t o - o p t i c a l  c o n s t a n t s  p 
1 1 )  P12Y and P 4 4  - . .  
p 1  1 
= 2 5' " 5 6 . 8  b 2  + 1.72 c 3  . .  I 
2 
= 1.72  E 3  - 56.8 c 2  (10) 
= 2 5 '  - 113.6 c 2  + 1 . 4 3  t 3  
p 4 4  
P o t a s s i u m  c h l o r i d e  is o n e  o f  t h e  f e w  s u b s t a n c e s  f o r  w h i c h  t h e  a b s o l u t e  e l a s t o -  
o p t i c a l  c o n s t a n t s  are known ( r e f .  6 ) ,  a n d  s u b s t i t u t i o n  o f  t h e  known v a l u e s  
i n t o  e q u a t i o n s  ( 9 )  a n d  ( 1 0 )  r e s u l t  i n  a n  e x p e c t e d  SNR o f  4 . 6  f o r  s c a t t e r i n g  
of  40 wat t s  o f   1 0 . 6   m i c r o n   r a d i a t i o n   f r o m   t h e   l o n g i t u d i n a l  (p = 3) mode. A 
v a l u e  o f  0 . 4  h a s  b e e n  u s e d  f o r  t h e  q u a n t u m  e f f i c i e n c y  f o r  p u r p o s e s  o f  c a l c u -  
l a t i o n ;  i n  a d d i t i o n ,  a n  i n v e r s e  s q u a r e  f r e q u e n c y  d e p e n d e n c e  f o r  s o u n d  wave 
a t t e n u a t i o n  h a s  b e e n  a s s u m e d  i n  o r d e r  t o  estimate t h e  e x p e c t e d  l i n e  w i d t h  
(about  1 2  k c ) ,  s u c h  a d e p e n d e n c e  b e i n g  c h a r a c t e r i s t i c  o f  r e l a x a t i o n  p h e n o m e n a  
i n  s o l i d s ,  e s p e c i a l l y  i n  t h e  m e g a c y c l e  r a n g e .  
This  op t imum value  of  the  SNR w i l l  b e  o b t a i n e d  o n l y  i f  t h e  d i s t a n c e  z 
f rom the  scat terer  t o  t h e  d e t e c t o r  is r e l a t e d  t o  t h e  d e t e c t o r  a p e r t u r e  r a d i u s  
b through the  wavevec tor  k a c c o r d i n g  t o  t h e  e x p r e s s i o n  
o t h e r w i s e  t h e  a b o v e  SNR m u s t  b e  m u l t i p l i e d  b y  a n  a p p r o p r i a t e  r e d u c t i o n  
f a c t o r  ( r e f .  7 ) .  For  a d e t e c t o r  o f  3 mm d iameter   the   op t imum SNR would  be 
o b t a i n e d  f o r  a s o u r c e  d e t e c t o r  d i s t a n c e  o f  1 . 3  meters, a t y p i c a l  e x p e r i m e n t a l  
c o n f i g u r a t i o n .  
Thus a c a r e f u l  d e t e r m i n a t i o n  o f  t h e  SNR p r o v i d e s  a unique  method for  
o b t a i n i n g  t h e  a b s o l u t e  e l a s t o - o p t i c a l  c o e f f i c i e n t s  o f  c r y s t a l l i n e  s a m p l e s ,  
w i t h   n o   e x t e r n a l   p e r t u r b a t i o n   o r   a c o u s t i c   e x c i t a t i o n   r e q u i r e d .  The f a v o r a b l e  
r e s u l t s  a t  10.6  microns  imply  the  method w i l l  b e  u s e f u l  f o r  t h e  s t u d y  o f  
semiconductors   having   band   gaps  less than   0 .12  e V ,  which are  i n a c c e s s i b l e  t o  
s t u d y  by t h e  u s u a l  o p t i c a l  m e t h o d s .  
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